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IfiUC 5 \z^t* i IC > * 'J -h^MC <7) L SufiV t h (V t h 0 , V t h 1 ) 
[ 0 0 5 6 ] 

[&5] 

V w 1 > V t h 

[ 0 0 5 7 ] 

fc^v S&BLlcidU t > 0 Ic&ut. I c £-5 3 ft* L 
, c I c It s Ttea 6tc^1"J:-9ic, -b*h7>xX^Vgs=Vwl 
T-nMfaMM I dsat lctt~<T'.h«*v><b 5. 



[0 0 5 8 J 

n&6] 

I c< I d s a t= (k/2) (Vwl-Vth) 2 
€U k= (W/L) ( £ ox/tox) («ef f 
[ 0 0 5 9 ] 

ttflifcfc I dsUT, Tfe$7TH$ft<5. 
[ 0 0 6 0 ] 

[IS 7 ] 

dVb 1/d t= ( 1/Cb 1 ) (Ic-Ids) 
[ 0 0 6 1 ] 

tU7>/X? li^iMT'lJlft LTV^<7)T\ V b 1 < V w 1 - V t h ¥ 
j£ 9 £ *> , ^tHO^yX^H^ mWi I d s liTf£$C 8 T-fl£ ft 

[ 0 0 6 2 ] 

I ds = k [Vwl-Vth - (1/2) Vb 1] Vb 1 
[ 0 0 6 3 ] 

[ 0 0 6 4 ] 

IWL9] 

Vbl=aJ Cl-exp ( t/t 0) ] / [p-a • e xp (t/tO)] 
€U a=Vw 1 - V t h + [(Vwl-Vth) 2 - 2 I c/k] 1/2 
(9 =V wl-Vth- [(Vwl-Vth) 2 -2I c/k] 1/2 
t 0 = 2Cb 1/ Ck (a-/?) ] 
[ 0 0 6 5 ] 

&5 t$L6<7)UMfrh. a>P>0*ffitzt. ftoT, IS 9 It . ^p^tlcKL 
TTlCflcol#^lST-*> > ) . Vb 1 (0) =0, Vb 1 («>) =PT-£>£„ 
H 1 8 li s K9 ^tmiSJfl^t. " 0 n ^--^-fe'KflLSWtfcV t h 0 



= 0. 3 V, " 1 * J r'-i'«t*^)L§v»f%Vthl=-0. 3 V* 5^--fe 
>i<7)LBui&* V t h d = 0 . 05 V. tf <v h H§fi£C b 1 = 1 00 f F, -b 
**ffi*>flJ»fcBfek=2. 0X1 0" 5 (A/V 2 ) fciR£U Jfcl c = 0. 
9ldsat=13MA, Vwl=l. 5V^ffli^, "O tt f-^U^e 
v hiiEVb 10, "r'f-^U^^n iSEVb 1 1 f tl^tl 
^it^ME V s i g 0 , V s i g 1 JkU^m^ v h»o*EVb 1 d k^lc^l 
Tv>6. z<7)ig#^<b % 7- K&££*>±lf T^«b, lOnsectlw 100 

[ 0 0 6 6 ] 
[ 0 0 6 7 J 
[ 0 0 6 8] 

t = 0lcfcuT, pnj#£ii. pi, n/f#lc2. 2 VT« ft flitch* ? 
h. t>0T\ n§J* 0 VIC Lfck §SC£Jf 9 (pll) tf>m&i!>* 

£*>#ic£ffc? s^fetm?*. if n t T^pMm^mfi* vk tnii, Ties 
i o Kits. 

[ 0 0 6 9 ] 
[ftl 0] 

V 

t=-CJ dV/I 



vo 

[0 0 7 0] 

::T\ I lip n$£<7>mSiiT'*>9 , Tififtl lTf^ti*. 
[ 0 0 7 1 ] 
[til] 

I = I s [e x d (V/i • V t ) - 1] 
[ 0 0 7 2] 

Kl llciJUT, Islitt^iM, v It 1 ^2<?>m<n&M. V t \mMB (T 
hernial Vol t age) V t = kT/qT^6. ft 1 1 feft 1 

OlcftALTftfttSi:, Tlfift 1 2i«»f>n*. 

[0 0 7 3] 
[ft 1 2] 

V=, - Vt • In [1/{1- Cl-eipHO/n -Vt)3 exp (-t/tO) } ] 
[ 0 0 7 4 ] 

::t\ to tt, t 0 = C • 17 • V t/I sT-4;c£>*i&8f£ftT-£>6o ft 1 
2*. TIBft 1 3<nftfi*ffli>Tftf&tfgLfcij$$iK 13 2 0?*«. 

[ 0 0 7 5 ] 
[ft 1 3] 
I s = J s • A j 
J s = 6 . 3 6X1 0" 5 A/m 2 
A j = 0 . 0 1 a m 2 
T = 8 5 *C 

V t = 0 . 0 3 0 9 
i? = 1 

t 0 = 1 0 . 7 s e c 

V 0 = 2 . 2 V 

[ 0 0 7 6 ] 

0 2 0*>SflU-g*S*fr<b, "0"§£&*Bfs lnsec88?'HMD 
HI) ^mftli 0 . 7 VWTlcm*»#< z tfrbfrz. 



[ 0 0 7 7 ] 

%\z, "o " mz&&<7>mn&\zmiT. hi Q^^mLx^-^mmikt^ 

[0 0 7 8] 

^ >l h y y y ^ 9 CD Y- h t S 0 \ &tiL<n>*>l ? (pll) cr>fflco%.&mnM 

tz o <?>£mc g b a, y-h *m<7>m&%v g\)*m\*x. tick i 4 t 

[ 0 0 7 9 ] 
[ft 1 4] 

Cgb/Cox=l/[l+2- lD 2 (Vgb-<5)/Vt] 1/2 
[0 0 8 0] 

M*ffc&*>#ftfflf*ifc 0 <7>§*C o x 8\ f$«$ £ o x tiHLUJf t o 
xfcfflv>T* Cox= £ ox/toxT*i?ti^. 1 Dlix fn^KDeby 
e Length) LD^, y = ( £ s i / £ o x ) to x T'&tefbL £Mft7C 
Tieft 1 5?4*£>*i*. 
[0 0 8 1 ] 
[ft 1 5] 

lD=( £ ox/ £ si) LD/tox 

= ( £ o x/ £ s i ) CkT- £ si/(q 2 NA)] 1/2 / t o x 
[0 0 8 2] 

::x\ >-?d ^WT^^fricJ: 9 IP*,, ftl 4tt, '<* ? 

[ 0 0 8 3 ] 



[St 16] 

wp=- 1+ [1 + 1 D 2 (V g b-6 ) /V t] 1/2 
[0 0 8 4 ] 

::T\ Vgb = VFB (77vh'0 KUBE) wp=l Dti^fcvn 

[ 0 0 8 5 ] 
[SI 7] 

lD = -l+[l + lD 2 (Vgb-d)/Vt] 1/2 

[0 0 8 6 J 

7£$< llTIBai 

[ 0 0 8 7 ] 
IS 1 8] 

6 =VF B- ( 1 + 2/1 D) V t 
[ 0 0 8 8] 

ffc 1 4 fc&l 8^<b, Cgb^Vgbffittt^ft^ns^ CftliEIBfcV 
g b L fcv*. f Y- h • v-xfSfffVg s 7 > x x 

?*>L§iMSV t hfefi*.fc«£lcti\ C g b = 0 tXlz. Cgb/Co 
x fcM %j&;i.&Jf Alette *l£ 1 tW.Zmz.Z'bnt LT, £iE£V g b affile 
Jt-T4C g b^fl^H-HI-^o 
[ 0 0 8 9 ] 

h<7>Jf£lcoi>T. #*>fciKST?&S. tox = 2. 5nm. NA=5 

Xlo'Vcral fi£8 5r . VFB = 0. lv, V t h 0 = 1 . 5 v, VB 
= -0. 7 V, Cox = 0. 1 4 f F x C j = 0. 08fFT*S. 
[ 0 0 9 0 ] 

-fi. r-Mjff<?>^fkAV8icWt-5^*^^«fi^fbAVbii, Ties 1 

9 ft*. 

[ 0 0 9 1 ] 



[«1 9J 

AVb = CCgb/(Cgb + Cj)] AVg 
[ 0 0 9 2] 

c j a^* ?\cg.n\zAz£m (%\zmnitzv nti^§i) t-&o 

[ 0 0 9 3 ] 
[ISC 2 0 J 

AVg= (1+Cgb/C j) AVgb 
[ 0 0 9 4 ] 
»2 0*1%ft?Zt. rim 2 lt%Z. 

[ 0 0 9 5 ] 
[82 1] 

Vgb 

Vg-VgO=I [1+Cgb/C j] dVgb 
VgbO 

[ 0 0 9 6 ] 
R2 1 *m%®lht. K2 2 

[ 0 0 9 7 ] 
[ft 2 2] 

Vgb 

Vgb-VgbO=(Vg-VgO)-.f (Cgb/C j) dVgb 

VgbO 

[ 0 0 9 8] 

C*>&2 2 If St ft I*. y-htffVw] (-7- ^mff^fbA V g 
-o^*^ ?1JIV B<7>£ffcA V b ^5^d^>^> C t **T-§ £. " 0 "f-^^-biUc-D 
i>T, 5t<^H 2 1 <?> tm<7> if la] C ^7 > - 7$#tf>TTfmLfc$53l£, ® 
2 2lc^t. C<Oif£lll^<o#Jxtt r 7- 2 . 0 VT M 0 "fcg&AfcffVK 
>***fe-0. 7V£U r 7-K»*-2VlcTtfT J T , -9ftJf-rsfc. C<?>£ 
3't**«{ttt-2. 1 Vlcftff <*ft*::i:i!>*fc^£. 1 . 0V 



ft < . ^oTgc^tt!Lv-i;>/,to. 2 V & £ c £ lc & & „ 
[ 0 0 9 9 ] 

la]*i<7>tm*. " 1 " T f -5'-b'Hcou-c^f r>fc«#*. 13 2 3 ic^-r. 
Ctf)t§^§MCgb <^mff V g b 2 4 ic^t. > - 9 \$ 

02 2 2 <7>Ji&2:|0]L: " 1 " T'-^jf^ S§&*iI&lC'* 

>i?lt0. 6Vlcft»K 7-h*i<) 1 -2. 0 V?ftft3tt*Wr?li>^ 

-l. o vic&& c t vbfrz. " o " ?-9<?>m%&&ti:. mm\z>*>i?m 

1 . 0VJTT§4^ " 0 " fliiAT- 1 . 5 VtTTtffctr v htt* 

0 V icj^ ? £ B <r> p n %£<n£S. * v 7 'J > r ( ^ -y f >J > rtfcli 1 8 % ) T '< 
* * li 0 . 3 V ± fr< "K - 0 . 7 V ic & £ , $ T 13 2 2 <?> " 0 " t*- ? <^>ii £• 

[0 10 0] 

x " 0 " SS&AfcMfcS^li* * ISffi I sub ^iILT " 1 " t»- 9** 

[0101] 
[ft 2 3] 

1 s u b = I s [exp{V/(,-Vt)-l}] 

[0 10 2] 

I s u b = 1 4 n A, I s = 6 . 36X10 " 20 A, V t = 0 . 031V, , 
= 1 . 2*i\A?Zt . V = 0 . 96V^#^. " 1 " f* 

- ?*§&*itfttt 1 V5£ < £> *) s trvMftftti. 5 v^«b 0 VlcT^oT^ v 
^')>n*0. 3 VT^Si: U^, 0. 6VJil±*0, f^r-ft-K^ 
li^fpjm^lCck 9,0. 6 Vlc&S. BP*>, Hft&lc " 1 " ■f- fc*iLft 

[0 10 3] 



Ctltiu SOI g$<7>pS^ 'i 3>IB±lCp3!^ax >) n>|c iiy- h«® 
C7-Ktt) feifcjftLfcJB^lcttffi**. )Xlc, laic SO I gflxlc, ni»«Sv 

t. -<7)lin. 7 7 >v h >*> KmjEli, VFB=-1. lVkKZ. 
[0 10 4] 

13 2 5 14. 1 " t- §IC g b V g b *$#>tzffi% 

02 6 Ji(5]Hlc. " 1 " t»- -7- h'»iEVw 1 

It. %<n® 2 1 2 2*>*£fcimtt?&S. tit, LSvWttt V t h 1 

= 0 V i: LTU5. 
[0 10 5] 

:n^^ig*li^ v M 0 " T r -9<7)L§v^fiV t h 0= 1 V*fllft?£*ttf> 
UT, -7- Ki»lJ#§&*Bf 1 . bV.m&ftlEfO. 5VT*4. y-7ft 
}f^ , 7-h , iiff*-2. 5Vi:ttl«x " 1 " -F-y-fe'K*)'** -0 
. 8 VtT-T^S. $oT. pm B 0 B y')3>r-h^uf: 1 VFB = 0. 
1 V^if^lctt^T, |§]-7- Kftfitilcft 0. 2 V£tt*fl|lc«:*. 
[0106] 

0 2 7 t[H 2 8 It. mmz " 0 " t>- 9 -fe * ic -out . F B = - 1 . 1 V*>J§ 
^§ICgb -1EV g b ftttfc, -7- KfcttJEVw 1 ->**, ?mj£ V Bfttt 
%^*>fcJB*T*S. LSuIll, VthO=lVHfc. u 0"f-?f^ 

ffilcl&fc, p n8&<a# 'J > ric J: 9 0 . 3V£lt#§±*>* 

9, -0. 5 VCfcoTOS t<7>fclK£LTU£, C<7>i§£t, # § }A A Bf <?> 7 
-Kttttl. 5VT*4K IrcAtiiL^liO. 5VT*4<?)T, 
. 1 5 V£lt@SU - 0 . 65Vi:4oTU5. 
[0 10 7] 



{0 10 8] 

[HI] 

Vwl ( r e a d) = 1 V 

V w 1 (h o 1 d) =-2 V 
Vwl (wr i te) = 2V 

V b 1 ( " 0"write)=-1.6V 

V b 1 ( " 1 " w r i t e ) = 1 . 6 V 

V t h 0 = 1 . 5 V 

V t h 1 = 0 . 5 V 

" 1 " f y - 9 4z>l<nffi&ft ltif<?>j*>i ?ifiVB=0. 6V 
[0 10 9] 

im2) 

Vwl ( r e a d) =0 . 5 V 

Vwl (hoi d) .= -2. 5 V 

Vwl (wr i te) =1. 5V 

Vb 1 ( " 0 " w r i t e) =- 1 . 4 V 

V b 1 ( " 1 " w r i t e ) = 1 . 4 V 

V th0 = l. 0V 

V t h 1 = 0 V 

" i " 9-b>i<nm*ft Lm<7>>*>\> tm&v b = o . 6v 

" 0 " t*- ?-b;K7>fiA£b ltif<?>^>i ^ifiVB = -0. 6 V 
[0 110] 

firfcxfel±*>ftl, 2 1C&UT. " 1 " m%&&n<7>Xv MGH -<>i Vb 1 ( 

" i "write) it mmmm (*->inm) trnzz^mm-zftfez nz^ 



(A) L §WiV t h<?>li^>o§*/Jv$ < -f h Z t 

(B) > =6 '/ -b'UBflftfciSff-*-* C i: 
( c) C j/Co x*>SiJ£*/hS < 

[0111] 

(A) RU (B) \zmtX\t. ::JTAVth = VthO-Vthl = l. 
0V*m%.lT\*Zt)K ZftliO. 8V^0. 6 Vgg^T-ll < $IJ®1T'§ SiT 
Sfctta***. AVth = 0. 6 V^MT'I 5 t ttlli, '7- Ktt0|fi$ 2X 1 
. 2V=2. 4 VST'hS < *D £fc ft $HTABtt 
WTTtt, (C) icoux^^ic^rftSo cftii, A V t h^-7-^>%» 

[0 112] 

(C) <7)WI»£lj\ SO I mW<7>-> 'J 33>lojf AT s i dftasT&^L 
T§fcl OOnmJ^MKlU-t&Ci:, z ft la] if tCsXu \$n$.lc s nlv- 

tli. p nJi^ffift^M/hiCck 9 , p n^p§i C j £ < tsct ic jhf 
[0 113] 

f CT, Cft *T*>ttiE£fflufcJg £§»C j = 0 . 0 8 fFlcftboT, C 
j=0. 0 4 f F t¥ft\z LfcJf£lcooT, Cgb-Vgbftii, Vwl- 
VBI^, fft-Pft 029ft tfH 30 Ic5k1". Cj W5ftf)*fftt, 13 2 3 JkV 
m2 4 y- hmftlipM^Hx 'J 3>T'&6, Cj=0. 04 

fFtt, x';n>l/?*%50nmi:Lfclg^lcffli-rs. 
[0 114] 

Ctf>*8**<b ? " 1 "f-n^l:ouT, 0. 6V^A';^ffi/,if §]AJ 
ftfcft. 7- 2 . OVUTTtfSt, 1. 3V$TT^ 

ftftlc^WS'?- h*««tiVw 1 (hold) It Vwl (hoi d) =-1. 



6 VT*>* Z t frbfrh. 
[0115] 

miJflc, "0 B f-n*l:ov»T, C j = 0 . 0 4 f F Sffli>fc*^C g 
b-Vgb*iL Vwl -VBfftlt f 3 1 &tf0 3 2 ic^c?. C 

j Wft 5t^0 2 l&tf@2 2<7)if£i:|3]t;T'<fc6. 
[0 116] 

&±<7)efc i\Z, >)z3>m (T s i = 5 0 nm) ^SOI Stix£ffluT. 

C i fc/JvS < Lfcit£<7>DR AM-fe'K7>Sf|ft$fr£, 111 £ fctoS 

[0 117] 

[*3] 

Vwl (read)=0. 8V 
Vwl (h o 1 d) =- 1 . 6V 
Vwl (wri te)=l. 6V 

V b 1 ( " 0 " w r i t e ) =- 1 . 6 V 

V b 1 ( " 1 " w r i t e ) = 1 . 6 V 

V t h 0= 1 . 3 V 

V t h 1 = 0 . 3 V 

" 1 " t'- m<7)^Ji ?ffiVB= 0 . 6 V 
" 0 " t- 9-*z>l<r>m*\3&lti*<7>>H ?tfiVB = -l V 
[0 118] 

KlJt y')3>|||ATs i$l 00nm/»^5 0nm^^i:f 
< LTgiC j £>M < -T* i: . ^ - K 4 V frfc 3 . 2 V JTfiSETl 
KtWH. aBt^§»is tfcMfc IT, f-r'O", "1 "*>L§WI 
^iAVthUT, 1 V%1»^T§TV^C tT*>*. 
[0 119] 

SO I mm<n°> •) ^>fi£Hlc 3 0 nmS**T»<T§iitt, fgtc {Bcmffffc 



[0 12 0] 

033tf, A-/^itiVB^-lVi:0. 6 VT*o L § Wi*>^ A V t h t . 

x = 2 . 5nnh fig*>*T=8 5 'C<7)i%£T-hZ>. Zil^h, A V t h= 1 V$ 
MR?2>tzlh\z\$. NA=1. OXlo'Vcm^^T^SCi:/)^^ 
6. Ztllt'ML. ZZtzlh. NA=0. 8X1 O l8 /cm 3 l: 

g^LT, AVth = 0. d fl 3 <7>iftfF$ft li'> L ITE 3 

tlx TfeH4<7> <* "7 IC&S. 
[0121] 

[#4] 

Vw 1 ( r e a d) =0. 7 V 

Vw 1 (hold) =- 1.6V 

Vw 1 (w r i t e) = 1 . 4 V 

Vb 1 ( " 0 " w r i t e) =- 1 . 6 V 

V b 1 ( " 1 " w r i t e ) = 1 . 4 V 

V t h 0= 1 . IV 

V t h 1 = 0 . 3 V 

" 1 " 9-£>i<?>m&& L ?ltVB = 0. 6 V 

" 0 " f ? - 9 lz'i<7>'$tA.ft m<r>'*>i ?tfiVB = - 1 V 
[0 12 2] 

ft 4 t fcut, " 1 " I^E* ^'vM^^Vb 1 ("Twrite 

) &mnm (&->inm) tms&AmmT-miLhtzih. 1. 4vui^s 

lift I subfcit^tCfclCfcO. Ctf>gJ$*>ftmff ffcW&k t^ft*. 
[0 12 3] 

IwffiftfcttTii. -fe* h *y> : J*9\z&z>WL±W>H.\$. 3. 0VT-*>So r 
- K&fc/gJfliT o x = 2. 5nmUTl3^ ftoTY- MfcffclRlcii, 12 



LfrL. htzlhlzY- KB ft < C tit. 

[0 12 4] 

5g£*ffi«fffk*>fcafrictt, SO I &m<7> v 'J => >Jfco/¥AT s i * 3 0 nm 

< tis £ 1 iztZ Z t % frmztih. ztih*%ffil-Z s 2. 0 
V-2. 5Vm&Z?<7>&nE.<tt)*«5mtBbtiZ. 
[0 12 5] 

12 3 3lc^t L§vWi^HA V t h <?> t § ic fllffT § -5 " 1 w #§&A-l2>u h 
y>y X 9<7)lz >imWl I d s 1 t , * tl\Zftl&-fh ?gc*aj LBflS A t £f 
ft? ft El 3 4fttfl3 3 5 -b%.«rtli I d s 1 = ( k/2 ) (AVth/ 

2) 2 IC «fc 9^TU4. §rc<*ft LBffS A t Ut, Irc Aft L Bftf> *7 - K &m 

. §iCb 1 = 1 0 0 fF^^nH^^'Ift-y mft 0 0 m V 

d^^*^<bx N A= 6 X 1 0 n / cmhzH^T , I d s 1 = 1 . 4 m A, 
At=15nsec t)*fte>tiT\*&, 
[0 12 6] 

0 3 6 It s " 1 M t*- 9 -fe >i<d * - * K Bf (?) /< it ? m& V B ** L § Wl V t h 

o x = 2 . 5 nm. ^ift»iJlNA= 5 X 1 0 ,8 /c m 3 , 777h'0 K 18 E 
VF B= 0 . IV, " 1 " *<n>t* ^tfiVB 1 =0 . 6 V, r- h ®HkH 
§lCox = 0. 14 f F . $£§«C j = 0 . 0 4 f FT-i>S. Klft 
60 * - * K mfi li . V w 1 = V t h 1 - 2 V X'h -6 . 
[0 12 7] 

C*>*S*jt>><b x Vth 1=0. 5VW1TI1, K *miliV t 

h 1 iSti#LTuS. VthKO. 5VTtt, >**?1U4li-0. 93V 



m#fa&> >)^>m<r>t%. VthKO. 5 Vlcg:£?^£T&6, A 
Vth = VthO-Vthl = 0. 8 V££fftT§ £ c t frbfr->T\* h<7)T- . 
VthO<l. 3VT^5. &oT. V t h 0 = 1 . IV. V t h 1 = 0 . 3V 

Tfclfl 6 tf> <£ ") ic & 6 , 

[0 12 8] 

[ft5] 

V t h 0 = 1 . IV, V t h 1 = 0 . 3V 
V w I ( r e a d) =0 . 7 V 

Vw 1 (hold) =-1. 7 V 
Vw 1 (w r i t e) = 1 . 5 V 

V b 1 ( " 0 " w r i t e) =- 1 . 5 V 

V b 1 ( " 1 M w r i t e ) = 1 . 5 V 
VB("l"read)=0. 6 V 
VB("0"read)=-l. 0 V 

V B ( " 1 " w r i t e ) = 0 . 6 V 
VB("0"write)=-0. 9 V 
VB ( " 1 " h o 1 d) =- 1 . 0 V 
VB("0"hold)=-2. 4 V 

Vmax = 3. 2V (ffjRWLi: " 1 " B L t <nm<n V d s ) 

[0 12 9] 

If* 6] 

N A = 5 X 1 0 18 /cm 3 
t o x = 2 . 5 n ni 



****£L=0. Um, f t^i*gW=0. I urn 
T s i = 5 0 n m 

k= (W/L) ( £ ox/tox) (t e f f = 2 . 0X1 0" 5 A/V 2 
[0 13 0] 

znt § DRAM-fe>K7>frc*£t! LfttetiU bT v h$S*C b 1 = 1 0 0 f F lc 
, 2 0 0 m V^mfi^^otts JT^W*', A t = 1 5 n s e c t 
[0131] 

03711, VFB = -1. 1 V<7)jf£ (BP*,. niM B B B / l J n>y- h^jf 

IV t h 1 t^M#T*^C £T*Tib*Sf^fc*SmT-£>£. ffetf^ttli, 13 3 6 t 
[I]*iT'&£. C^if^t, VthKO. 5 V tt^ZZ tfr^®2tih. z<n 

7 ft 8 4- 6 = 
[0 13 2] 

[«7] 

Vth0 = 0. IV, V t h 1 =-0 . 7V 
Vwl ( r e a d) =0 . 3V 
Vwl (h o 1 d) =-2. 7 V 
Vwl (write) = 0. 5V 

V b 1 ( " 0 " w r i t e ) =- 1 . 5 V 

V b 1 ( " 1 " w r i t e ) = 0 . 5 V 

V B ( " 1 " r e a d ) = 0 . 6V 
VB ( " 0 " r e a d) =- 1 . 0 V 

V B ( " 1 " w r i t e ) = 0 . 6 V 
VB("0 , 'write)=-0.9V 
VB ( " 1 " h o 1 d) =- 1 . 0 V 
VB ( " 0 " h o 1 d) =- 2 . 4 V 

Vm a x = 3 . 2V (I^WLi: " 1 " j&AB L t <r>m<n V d s ) 
[0 13 3] 



[«8] 

N A= 5 X 1 0 18 /cm 3 
t o x = 2 . 5 n m 

***>uJIL=0. 1 m ni % ^^^'H|6W=0. I urn 
T s i = 5 0 n m 

k= (W/L) ( £ ox/tox) w ef f = 2. 0X1 0" 5 A/V 2 
[0 13 4] 

Z<7)b £ DRAM-fe^co^c^Hj Ltfttli, t:' */ hH§*C b 1 = 1 0 0 f F lc 
, 2 0 0mV^«fiH*olf$ iTllfflK A t = 1 5 n s e c t «r £ . €U 
V b 1 ( " 1 " w r i t e) **0 . 5 V I s u b *>*0ittiS*2r 
^^HiTi)!), C*l£0. 5 Vfct±lc±if %l-ftiit%:£>%\*b-t 6 b . *<7>fr 
i^SffVniaxi'ilf^, c^t*. p M^ISH x n > £ y- h miflcffl 

LSvMtVthOlcWLT. f §Ba^^7-f|^^Vw 1 (wr i te) 

( " 1 " w r i t e ) h'itfiVw \ * >) i>M < % . Vma 

xli, Vb 1 ("l"wri t e) - Vwl ( h 0 1 d) T-flU U Vw 
1 (Write)^Vbl ("Twrite) T-ShtllZ. Vma x = Vwl ( 
w r i t e ) - Vw 1 (hold)?*'), Wf^*ffi -5. 
[0 13 5] 

[0 13 6] 

^tHU A#lc J: 9 g§|&<? ftfcO. 17»m*-'^ 2 5 6 Mb i tDR 
AMlc-t^TU-fN7>i;x^^L§vMiVth^li^o§iJ x AVth= (2 



6 V t h i l ) w ' = ±2 0 OmV t^Zbtlh. ::T\ V t h i <7>l^iRli. T 
feft9<7>i§9T£>*.. 
[0 13 7] 

[H9] 

5 V thSx=±7mV : Sffi^K-'O h ^i/j 

5 V t h We 1 l=±65mV:-)x* -ft>aAtll 
SVthSr f=±2 lmV : HffiUll A t > a A£ft 

6 V t h S a c o x=± 9mV : &<&mmi$%®l 
d V t hTo x=±5 9mV : r- h BSHtlSE^Sft 
fiVthffef f=±100mV: 
fiVthLef f=±148mV: llitt* * 

[0 13 8] 

dtll^lct, Umc J; * L SvWtV t h<7)£m*££il£. ^-F^Vt 
hOtVthl^ + f^U ^'Uc£^±lf TfrcA!i!?£:#£fflufcJi£\ 
H»U -**%£PBIC L §WiV t h 0 , Vthl <7)fiflfi£ * - 9 - L T ft* <fc 

£i> «fc "9 let* 3 £ 6*nr^T*4. fflfc&'b. V t h 1 &*ftT*S tpjif ic V t 
h 0 fc«ffiT-r<&£ft53fe*>J8£\ Sc*tii LBf^- HilfiVw 1 * V t h 0 » 
Vthl ^>f^U ^Uc^£-fiWi. f ^XW5*^»*liMaTS*ft^T* 

[0 13 9] 

■tv>8U*fc. c*>tt£§£*£B L^sU-f* v= t £*6lctt±iBL§wa 

L%\*i&<r>\Zh~>B<n±B2fr. H9 ic^ta^m^ L^ufitt'oo^tf) 1/4 
T'£>* fc-ftltt, d V t h=±5 0mVT-*>*. C<7>Jf&. p v 'J 3 > 

0 ■ Vthl t c7)ra#^^-r t s I38^*i lc&*. ©«ifilcf¥7 L §ufi 

[0 14 0] 



fzt 8i£©£-fe^T " 0 " . "1 " <r>l £uffiV t h 0 , V t h 1 
Vth (nom) =V t hO-V th 1 = 1 . 1 V - 0 . 3V=0. 8VTf>5 
ttZt. mm*W<7>*z>\'m± (§Vth + =50mVU Vth"=-50mV 
) ?*>L §ufi*>HA Vth (m i n) li, TI2»2 4U'S, 

[0141] 
[«2 4] 

AVth (mi n) = A V t h (n om) - (S V t h j -S V t h") 

= 0. 8 V- ( 0. 05 + 0. 05) 
= 0 . 7 V 

[0 14 2] 
[0 14 3] 

c^HUHlc <** 'J -feiUimjiB^J: tic, m%®\zftmmffi&ftlT>&*) & 
A*>Mffi!llcffigLTx t-^>tvhi^UTU5. ^niJ^BL, bB 
>t')-b^MC fc|B]*|<7>MO S h 7> x *U f <r> '*>l 9 IfcfiSlC 

f-ro \ "i " <7>*m®%>*>i> ?m&*H-z_z> bnttz, 

[0 14 4] 

®<7)M~Z'li. V HJtB L , bBL^jRY- K S G ic £ 9gjR3ft 

£\ K&WLlc <fc 9|B]S!MC]§jR£tiS4M<7>>* M-fe^MClcfrtLT 

. -b> at> -/S Ali-oT*£>&. IP*.. [H]^lcM^$tl-2)4ilco> ; E 'J-fc>HVI 



l&BflT-li. iiS<7>DR AMlcfctt* J: 7 &®^Atii L T li & o £ *>k Ctf)*f& 
[0 14 5] 

i:^T\ Z^UBfllCctSDRAIVI-b'^O. 1 mn^-'^DRAMt^t 

•£ftl : M'MT*#i3l£-|-#icfiJffll-£;: t 
' ^ ft 1 2 ' p nj££tf> •) - < t£ - t 

[0 14 6] 

^lll^lftilS'HT^IlcJ:!), "0". " Tf-^LIoi 
< ?<5fcaftlC&gT'*>»> , f <7>tzfr\z\t® 1 <7>p^ ') □>! l 2 
f <7>*#&^ilJg (t N A**0m3\ N A= 5 X 1 0 

'Vcm^MSTfti. c<7)9'lf^EI4 1 ic J: 9 mm ? -5 . H4 lit. >*>i 
^f{!iVBi:NMOSh 7>yX^L§uIV th^H^^r^^^iS 

[0 14 7] 

t mfcfrN A \<nt%. "0", " 1 " 9<r> I §vW6«EH% A 

VthK CtiJ: 0 {Sut P -fe "7 7^jgN A 2 o § tf> L § WimJEEHfc A V t 
h2fc?*fc,AVthl>AVth2fc£S. IP"*, "0", " 1 " t*- 7 <^> 

&*>\ N A=5X 1 0 18 /cm 3 W±c?)T ^-h^^ii^iiJtli. * + 
L = 0 . 1m mlg^SHIMOS h 7 > x * * T*>»!S4l/|ft*fif -bit -5 ic 
1? T* 6 0 

[0 14 8] 

««w^ttft@Slll«(ftv^AUvi. 0. Um'i-4WDRAMtf\T\ '< 



3X 1 0 -,/ A/cm 2 WTlc^^.^C tfr<&W\z%h. Ztz. »J-*« 
8ft h >*^mflft£Ttf *>rz*)\z\$. p n&&3&lcff2/£3*i££;£ 

l^com^li. 2. 5X 1 oW/cmWTlc^^^lttilJ^^^v^ z*ui, 
't* ^Hm^T f 4z-7 9m%frNA= 1.0X1 0''/cm J tlTTMT§l, 

, 1 . 7X1 0 6 V/cm (2V^M7^) & 0 , 2 <7>^tit* s5t£ 

[0 14 9] 

^ta^iis ply »; 3>/i 1 2 frhttz>>*Mm&\z$>z>. w*> znnMnftm 
<»m€i. >*>i mm*, k i -r v-x&m/i 14. 1 5 x*>mf% 
(t 9mm) &\tm®i&^i>mifcmm 1 2 a t . h u ^ y-x&i&Ji 

14,15 Jb^limtl^^i'^^^^faj^^^^icgfil^ *l£*o>if/f (T ? 
-fe^ifg) ^up^&f&Ji 1 2 b a^MUui,. p + iMfl 1 2 b 
ii, SB^i- 'J =>>Srft:J!l 1 »cl-f£>£3 lcff^£ *itu£, 
[0 15 0] 

k u ^f>. v-xiti 14. 1 bit. &mm<vvm%mm 1 2 a t^mx-v n 

ff^MLTu^^, ^n, ni®£ft£?l5ilJ£^p + ^&m«T'ff^?&it 

fri , 2*ffifz?ztt)^m\z%z. 

[0151] 

a ^©ic H4 o^-b^^iiicj: o^i^^^^ti^^^-?^. ztztnmzm 

ffiftZtfitit LT, 042 (a) (b) ic^t J^lc. nM&Jl ( 

ND) tpM&KH (t ^-hT^jfjfNA) <7>pnfg£lc, iEV^ifAMTX 



(abrupt junction) £ -5. 13 4 2 Ic 

nS&ftlfttf pS&F&lfl^m&^tf D. AfcL. ^.±m<r>n 

£*i&o £ lix 'J n 

[0 1 5 21 
[ft 2 5] 

d 2 tf D/dx 2 = - (q/2e) ND (-xn<x<0) 

d 2 *A/dx 2 =(q/2 £ )NA (0<x<xp) 

ED=-d*D/dx (-xn<x<0) 

EA=-d0A/dx (0<x<xp) 
[0 1 5 3 J 

fllR^frll, ^ih Ot;f>y t'^H i UT, &<7>ft 2 6T^?n§ 

[ 0 1 5 4 J 
[ft2 6 J 

ED (-xn) =0 
<f> D (-xn) = 0b i+V 
ED (0) =E A (0) 
4 D (0) = <f> A (0) 
E A ( x p ) =0 
<f> A ( x p ) =0 
[0 1 5 5 J 

zfih^m^^AiiX. &2 5£$< i:, fttf>&2 7 **»^>iis. 
[0 15 6] 
[»2 7] 

ED=(q/ £ )ND-x+A (-xn<x<0) 



0D = - (q/2 £ ) N D • x '-A • x + B (-xn<x<0) 
EA=-(q/ £ )NA-x+C (0<x<xp) 
0A= (q/2 s ) N A • x 2 -C • x + D (0<x<xp) 
[0 15 7] 

S2 7lc*n>T. A-Dli, ft 2 6*>J13MfcfrTi*3l6£«T&*. K27^) 
S?£ft2 6*>fcf*fcfr*>;ft£ttA* * fc, /X<oft2 8^|f>ii5. 

[0 15 8] 
[ft 2 8] 
- ( q/e ) ND • x n+A=0 

- ( q/2 £ ) ND- x n 2 +A • x n+B = 0 b i+V 
A=C 

B = D 

- ( q/e ) NA • x p+C = 0 

( q/2 £ ) NA - xp 2 -C • x p + D= 0 
[0 15 9] 

ft28li, 6i^*ST^4, xn, xp, A, B, C JkU *>1i 
n^T'&h. zti*M< zt\z* 9. Tffift2 9£l#So 
[0 16 0] 
[ft 2 9] 

xn={2 £ NA (^b i+V)/qND (NA + ND) } 1/2 
xp={2 £ NDUbi+V)/qNA(NA + ND)} 1/2 
[0161] 

Mf^MEmaxlJ, x = 0<7)j£T-<7>m^T'& r K Tf6ft3 0T-fl 

[0 16 2] 
[ft3 0] 

E m a x = A = (q/ £ ) ND - xn 

= { 2 q NA • ND (Oi+V)/ £ (NA+ND) } 1/2 
[0 16 3] 



£;£/!£#*>*iW=x n + x pli. YK<7)®LZ lkis. 

[0 16 4] 
[«3 1 J 

W={2e (NA + ND) ( <f> b i + V ) / q N A • N D } 1/2 
[0165] 

«!H$J$$mm. 0 4 2 (b) t^Lfe,* IC&&. 

W±<^if*frrt#§3llc&o*uT, /XIC04 3(a) (b ) lc^? J: •? ic, p S 

ctili, II 4 0 <r>%M<nWtM<n*.*' tHialcfclt 5 h' L- Oin 
flij<7>*fl3tlcfflit£. Cttig^fc, J$£li.ft»« £?&*fcttfc EEttMi* 
, Sfc<7>^fiS#it<^H t so it$$<7> fettle, 'hlfc^x lefiboT, *:fc^X*fflu 
pM$milc$fr'*£;£lttftSiSftgXp II x fflcT?-fe-7?gg n att^isS 

^^f||jtNA<»««i:iS7H^9iRn a tt««ic ftttT % h z t \z «fc 
LT. ftT2-fe-/?jgjg n a m^£f tif* *i * a , Eat LT^ 

to 

[0 16 6] 
[«3 2] 

d 2 * D/dX 2 = - ( q/2 £ ) ND 
d 2 ^ a/dX 2 = (q/2 « ) n a 
d 2 0 A/dX 2 = (q/2 c ) NA 
ED=-d^D/dX 
E a=-d <f> a/dX 
EA = -d M/dX 
[0 16 7] 

[0 16 8] 



(-Xn<X<0) 

(0<X<L) 

(L<X<Xp) 

(-Xn<X< 0 ) 

(0<X<L) 

(L<X<Xp) 



[«3 3] 

ED (-Xn) =0 
0 D (-Xn) = 0 b i +V 
ED (0) =E a (0) 
0 D (0) =0 a (0) 
E a (L) =E A (L) 
<Aa ( L ) = 0 A ( L ) 
E A (Xp) =0 
0 A (X p ) =0 
[0 16 9] 

[0 17 0] 
[»3 4] 

ED= ( q/ e ) N D • X + A 
0D=-(q/2 £ )ND- X 2 -A • X + B 



X+C 

X 2 -C • X + D 
X + E 

X 2 -E • X + F 



(-Xn<X< 0 ) 
(-Xn<X< 0 ) 
(0<X<L) 
(0<X<L) 
(L<X<Xp) 
(L<X<Xp) 



E a =- (q/e) n a 
0 a = ( q/2 £ ) n a 
E A = — ( q/ £ ) N A 
0 A= ( q/2 £ ) NA 
[0171] 

S3 4£fcuT. A ~ F li . ISC 3 3 *>*§MfefrTi***j£»T&<6. K34^) 
$£&3 3*>J*SMfefr*>5*lcttA*.&i:. <X*>&3 5 ft*. 

[0 17 2] 
[S3 5] 

- (q/ € ) ND • Xn+A=0 

- ( q/2 £ ) ND-Xn 2 +A-Xn + B = 0b i+V 
A = C 

B = D 

- ( q/ £ ) na • L + C=- ( q/ € ) NA-L + E 



(q/2 e ) na • L'-C • L + D= (q/2 e) NA • L'-E • L + F 
- (q/ £ ) NA • Xp+E=0 
( q/2 £ ) NA • X p 2 -E • Xp+F = 0 
[0 17 3] 

83 5tiU 8fi«*ftR?*6, Xn, Xp, A, B, C. D, E&VFfci* 
SfigsST**. :ii^l< - ^ ic J: *> , Tie&36£*f6. 
[0 17 4] 
[$36] 

Xn=-L • (N A-n a) / (N A+N D) 

+ L- { (NA/ND) (NA-na) (ND+n a) / (NA+ND) 2 + (xn/L) 2 > 1/2 
X p = (l/NA) • END-Xn+tNA-na) • L] 
[0 17 5] 

$3 6 icfclta x nit. 5fclc 0 4 2 <?> p nf££lcou-c:$u£nM& 

m a x lis X= 0 T^«§|lT*» 0 , T Id 1(3 7 T-fl£ ft*. 
[0 17 6] 
[»3 7] 

Emax=A= ( q / e ) ND-Xn 
[0 17 7] 

Z<?> h %<r>%Ri&feftift\t. 0 4 3 ( b ) ic^Lfcii ■) T**>S, $3 6 [cfcu 
L*0'lcR9«:<i£^itS<>^ sXiMir? -b^f »«n a*R9*<NAlc 
jfirJittitt, Xn = xnU5:iA , »a$n«. 
[0 17 8] 

rt? 4. Jf, 044 li. pS^KH^iiir f-fe? ?ii^£NA = 5X lo'V 
cm 3 . (ftT*-fe7?gjg£ n a = lX10 n /cml nilffilKli*) K 
£ND=1X1 O 20 /cm 3 . E|JJ|0«JEEfcV=2. 0 V, M)Hfi££ 8 5 'C t L 

^ ~C* cB © 



10 17 9] 

> Jb^ (7)^^.1 *>f*V 4 fc-ttitt, * XH,-£±C &Ufctf>lctt 
, X p < 5 X 1 O^cmT^K t z t fcftlc tt » 

04 4^^ L<4. 0X1 0" 6 cm=0. 0 4 m mT&lftitt & «b 
§lt<7)^i%l.6i:, L = 0. 0 2 j.mft'jfiftkC^n*. p gy 
Mfl^^/I^fifJtfX p tt. Mr if -b7 ? ©j£N A<?>1fli&ic 0 . 0 1 m m£ 

[0 18 0] 

0 4 4 fc|5]*i<7>$frT-s MlWEma x <nRM L $#14*^? , 0 4 

It. Emax = 9. 0 X 1 0 5 V/ c mT-£>£ , Z ftttx >*>H^nS£#£© t 
*-te-7?iB£NA=5X 1 0 'Vcm^ftffi^TfljfcLfcJ&^fcJfc^T, * 

nicz^m^^ i/3g**?/M < tad fca*s*n*. 

[0 1 8 1 j 

f CT/XIC 04 3lc*A>T, nl!J£Sl(?)l«-l-fia(ND*ft<fS»»* 
0 4 6 tt, 0 4 4 left IT, nIMi<7) K »«ND** ND= 1 X 1 0 

[0 18 2] 

znifcRfrh. v-x % k u 4>$ftJl<7>iiJg£-Ftf*itt. Witt, L = 0. 
0 2 5 m m> Xp = 0. 0 3,imT\ MSSftEma x = 3 . OX 1 0 5 V 
/cmtv>7fi^^«btl4. CoMfb&#T'<7K 0 4 0 *)-b'Htiglcfctt*-* 

[0 18 3] 



y-* N K U 4 y<n nWH&W.MMf$.%1& <ir %> t , z ft h 6 ? > 9 9 V 
fttt**WHlc«r*. ciiicjht ITU, iHr^DRAM^^i/ K^^> ? * Hco 

[0 18 4] 

L^U v-x, k U -f>^>n3!^miiiS^ND= 1 X 1 0 ''/cm 3 ki 

0 4 8 Ic^Lfc J: -7 ic, Xn = 0. 1 #mi:vn^§v^<?)^i/)*v 

*«ift!i-r4fcy>ictt» v^o*LDD«3t*»ffl"r*c lo. 

[0 18 5] 

H 4 0*>-fe*«H6lcttLT\ L D D^it^^ffl L fc-fe * *3t*>Hifc*>JBtt* , 
EI4 91c5f1-o HM>iail4A 1 , * * * * $I®lcJ£? £ 15 K * - m%<7> n 

MKscii 4 at, mt-h-mmnn+m&mmi 4 b t^m^ti*. v- 

1 5 ic-o^T tattle, * + **«ttfc:8*SftK+-»SwnM£1K 
1 1 5 a . M K+-it)£<7>n + Mm/I 1 5 bfrhmfcttli. 7-*, KU 

-f >%&m7kvY- uracil v * -r kxsic * o^ix^o'isisi? 1 

teU C^LDD+liHli, KU-f>» "Sflitt, bTvh»lcSMi3 

*l £ K U >§J<7) t £ C t T- § -5 , 
[0 18 6] 

jxic, z<nft%LDD®m*nmitz*>i®m<n%£<n£zm<?>ftvjkvmn 

$£#ffilcouTll#ISlctfrs}?S. 05 0 (a) (b) li. C^-feiUMii^fl 

ittKu >ij^^;c#@ itz®x®» nmsmmtmfiftftZs 043 (a) 

(b) fc^^tT^LTv^. nM*£ftlBttfiK-*--B«n dtf)MtlH + 
H^9i«NA«««k^*>«:«. ft K*-»*n d IfittL n L'\ 



9 9 hoftJ7[<? h y>i>*9ft&±'&%t$ftZMft°Vft*zm& i knr>i><?)t 
?h, 

[0187] 

£Zm*>toVt)U Xp>Lp, Xn>LnU4ttfti'M7X^i£t 
h. Z<r>tBs #TV><7>^g^ii, &3 3lcftLT, /X^)»3 8 <?> <* ic H 2 
ft 3, ET2-fe7 7»j£NA*>1li(fiS*>1H&* A, m^EAlcitLT. {&T?-b7 

t bX <7> W -fe 0 D , m^EDlcttLT. K ^-»«n d<7>$®<7>mfi > m^^f 
ti-e*i 0 d . E d t LT^t. 

[0 18 8] 
[S3 8] 

d 2 0D/dX 2 = - (a/2 e) ND 
dU d/dX 2 = - ( q/2 £ ) n d 
0 a/dX 2 = (q/2 £ ) n a 



2 



d 2 tf A/dX 2 = (q/2 £ ) NA 
E D = — d D/dX 
E d=- d <f> d/dX 
E a =- d 0 a/dX 
E A = — d <f> A/dX 
[0 18 9] 

&<7>&3 9Tft<?ftS 
[0 19 0] 
[»3 9] 

ED (-Xn) =0 

* D (-Xn) = 0 i+V 

ED (-Ln) =E d (-Ln) 

<f>D (-Ln) = 0d (-L n ) 

E d (0) =E a (0) 

4> d ( 0 ) = 0 a ( 0 ) 



(-Xn<X<-L n) 
(-L n<X< 0) 
(0<X<Lp) 
(Lp<X<Xp) 
(-Xn<X<-Ln) 
(-Ln<X<0) 
(0<X<Lp) 
(L p<X<Xp) 



E a (Lp) = E A (Lp) 
0a(Lp)=0A(Lp) 
E A (Xp) =0 
<f> A (Xp) =0 

[0191] 
®L2>S*M<t. TC«4 0****1*. 

[0 19 2] 
[ft 4 0] 
ED= (q/e ) ND • X+A 
*D = -(q/2 £ )ND - X 2 -A • X + B 
Ed=(q/e) nd-X+C 
<f> d = - ( q/2 £ ) n d • X 2 -C 
E a =- ( q/ £ ) n a 
* a=(q/2 £ ) na 
E A =— ( q/ e ) N A 
4> A= (q/2 £ ) NA 



X + E 
X 2 -E 

X+G 

2 



X + D 



X + F 



X'-G • X + H 



(-Xn<X<-Ln) 
(-Xn<X<-Ln) 
(-Ln<X< 0) 
(-Ln<X< 0) 
(0<X<Lp) 
(0<X<Lp) 
(L p<X<X p ) 
(Lp<X<Xp) 



[0 19 3] 

ft 4 OlCfcUT, A~Hl3\ ft 3 9^ifc§j^frT>***£ft?**. ft 4 0 tf> 
$*ft3 9<7)tt^^fr<7)^lcnAt€»i:. )X<7>ft4 1 *«ff<b*l*. 

[0 19 4] 
[»4 1] 

- (q/e ) ND • Xn+A=0 

- ( q/2 e ) ND-Xn 2 +A-Xn + B=tfb i+V 

- (q/e ) nd-Ln + C=- (q/ £ ) ND-Ln + A 

- (q/2 e ) n d • Ln 2 +C • Ln + D 

= - (q/e ) ND • L n 2 + A • Ln + B 
C = E 
D = F 

- ( q/ € ) na • L p + E=- (q/e) NA - Lp + G 



(q/2 e ) n a ♦ L p — E • Lp+F 

= ( q/2 c ) NA-Lp 2 -G-Lp+H 
- (q/e ) NA • Xp+G=0 
(q/2 e ) NA-Xp 2 -G-Xp+H=0 
[0 19 5] 

»4 1 *> i om^nn^mi i ot^ftxn , xp, a^h <b 

ft 6. ££1<7>ipIL n , Lpli, ft<7>ft4 2T^$tiS. 

[0 19 6] 
[ft 4 2] 

X n = [(ND-nd) Ln-(NA-na) Lp] /(NA+ND) + 

[l/(NA+ND)] (NA/ND) 1/2 • C (NA-na) (ND+na) Lp 2 + (ND-nd) (NA+nd) Ln 2 + 

2 (NA-n a) (ND-nd) Lp Ln+ (NA+ND) (2 £ /q) Ubi+V)] 1/2 
X p = [(NA-na) Lp- (ND-nd) Ln] /(NA+ND) + 

[1/(NA+ND)] (ND/NA) 1/2 • [ (ND-nd) (NA+nd) Ln 2 + (NA-na) (ND+na) Lp 2 + 

2(ND-nd) (NA-na) LpLn+ (NA+ND) (2 £ /q) [<f> bi+V)] 1/2 
[0197] 

Mflfamftfilt. 050 (b)<7)J:*? left*), i«Ema xli. X=0<?> 
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